Background: Parkinson's Disease (PD) is the second most common neurodegenerative disorder of the central nervous system. Motor symptoms are the focus of pharmacotherapy, yet non-motor features of the disease (e.g. fatigue, mood disturbances, sleep disturbances and symptoms of anxiety) are both common and disabling for the patient. The pathophysiological mechanisms behind the non-motor symptoms in PD are yet to be untangled. The main objective of this study was to investigate associations between pro-inflammatory substances and non-motor symptoms in patients with PD.
Introduction
Parkinson's Disease (PD) is a chronic, neurodegenerative disease affecting approximately 2% of the population over the age of 60 and 4% of those over the age of 80 [1] . In addition to the vast personal suffering PD causes patients and relatives, the disease also imposes significant direct costs on public services [2] . Although most research has focused on the motor symptoms of PD, several studies show that non-motor aspects of the disease, such as depressive symptoms, fatigue, sleep impairment and apathy, are very common and significantly predicts disability and the patients self-reported quality of life (QoL) [3] [4] [5] [6] . The prevalence of depressive symptoms is higher in PD than in other chronic degenerative disorders [7] , and studies show that such symptoms may precede the motor symptoms in PD [8] .
Several hypotheses have been postulated regarding possible shared pathophysiologic mechanisms between the core pathophysiology of PD and the depressive symptoms in PD patients. ''The inflammatory hypothesis'' is based on the notion that inflammatory mechanisms might be involved in the pathophysiology of PD [9] as well as Major Depressive Disorder (MDD) [10] . PD patients show signs of peripheral and central inflammation, including elevated cytokines in serum [11] and cerebrospinal fluid (CSF) [12] , as well as activated microglia [13] . Peripheral blood monocytes isolated from PD patients produce larger amounts of several cytokines, including tumor necrosis factor alpha (TNF-a), than healthy controls -indicating that the elevated serum levels of cytokines are symptoms of immunological dysregulation, rather than just secondary to the dopaminergic cell degeneration [14] . Some of these signs are also demonstrable in depressed, non-PD patients. For example, several studies report elevated cytokines such as interleukin-6 (IL-6) and TNF-a as well as soluble interleukin-2 receptor (sIL-2R) in serum [15] of MDD patients compared with controls. Interestingly, Pålhagen and colleagues reported a neurobiological distinction between patients with PD and MDD and patients with solely MDD, in that the latter group displayed higher levels of corticosterone and IL-6 in CSF [16] . In a recent review by Barnum & Tansey, it was suggested that inflammation might contribute to the development of non-motor PD symptoms [17] . Only a few clinical studies have, however, investigated potential associations between such symptoms and peripheral cytokines. Menza et al. showed that TNF-a in serum is correlated with several non-motor symptoms, including cognition and depressive symptoms [18] , and Scalzo et al showed that IL-6 correlated with scores on the Mini-Mental State Examination (MMSE) in PD patients without dementia [11] .
As studies on inflammatory markers and non-motor aspects of PD are scarce, we wanted to further explore this area. In this study we measured four pro-inflammatory substances in the blood of 86 PD-patients and 40 controls, evaluated for non-motor symptoms such as fatigue, depression, anxiety, and sleeping difficulties. We wanted to compare the groups for cytokine levels and symptoms severity, and finally investigate correlations between cytokines and non-motor symptoms. We report significant differences in IL-6 levels and severity of non-motor symptoms between PD patients and controls. Symptoms of fatigue, depression, and anxiety were associated with cytokines in serum.
Materials and Methods

Ethics Statement
The Ethics Committee of Lund University approved this study. All study participants gave written consent for participation in the study, which was performed in accordance with the provisions of the Helsinki Declaration.
Study Participants
Eighty-six PD patients and 40 healthy controls were enrolled in the study between 2008 and 2012. All patients were recruited from different neurological clinics in southern Sweden, and were invited to the neurological clinic at Skåne University Hospital, Lund for enrollment in the study. In many cases, the healthy controls were spouses of patients, or otherwise part of their extended family. A thorough medical history was taken and a routine laboratory screen was carried out. Exclusion criteria were a diagnosis of dementia, acute or chronic inflammatory disease and ongoing treatment with NSAIDs or corticosteroids. In addition, one patient was excluded from the study due to widespread malignancy at the time of clinical assessment and blood sampling. The exclusion criteria were applied to both patients and controls. During the visit, a licensed and experienced medical doctor evaluated the subject using the Unified Parkinson's Disease Rating Scale (UPDRS), and verified the PD diagnosis according to the NINDS Diagnostic Criteria [19] . Demographic characteristics of patients and controls are given in Table 1 .
Evaluation of Non-motor Symptoms
The study participants were asked to complete the following surveys during their visit: Functional Assessment of Chronic Illness Therapy-Fatigue (FACIT) [20] , Hospital Anxiety and Depression Scale (HAD) (including subscales for symptoms of depression as well as anxiety) [21] , and Scales for Outcomes in PD-Sleep (SCOPA-S) [22] . Complete HAD anxiety scores were available from 84 patients and 38 controls, complete HAD depression scores from 84 patients and 39 complete FACIT scores from 79 patients and 36 controls, and complete SCOPA-S scores from 84 patients and 39 controls.
Blood Sampling and Biological Assays
In the morning and immediately after the clinical evaluations, serum samples were drawn into 5 ml test tubes and analyzed immediately at the Department of Clinical Immunology at the Skåne University Hospital in Lund. Chemiluminescent assays (Immulite 1000 Siemens) were used for all analyses. Inter-assay variation is consistently less than 10% and this assay is quality optimized for routine clinical serum cytokine analysis at Lund University Hospital. Monoclonal antibodies specific for the immunological biomarker tested were coated on a solid phase (polystyren beads). Serum samples were incubated with the solid phase antibody for 30 minutes, and thereafter a polyclonal antiantibody, labeled with alkaline phosphatase, was added and the samples were incubated for another 30 minutes. Unbound conjugate was washed away and chemiluminescent substrate added, and following another ten minutes, a luminometer was used to measure the light emission from the chemical reaction. A concentration was then calculated using samples with known concentration as references. The detection limits were 2.8 ng/L for IL-6, 1.7 ng/L for TNF-a, 5 kU/L for sIL-2R and 0.6 mg/L for C-reactive protein (CRP). In the entire sample, 84 (66.7%) of the subjects had IL-6 levels below the detection limit of 2.8 ng/L, and were therefore assigned the value 2.8. In the same manner, 40 (31.7%) of the subjects had CRP levels below the detection limit of 0.6 mg/L, and were subsequently assigned the value 0.6. None of the other cytokines were outside of detection range.
Statistical Analyses
The Statistical Package for the Social Sciences (SPSS) for Mac was used for statistical calculations. CRP, IL-6, sIL-2R and TNFa were all non-normally distributed, hence the Mann-Whitney Utest was used for group-wise comparisons and Spearman's rho for correlative analyses. Pearson's chi-squared test was used to compare proportions. In order to control for the effect of gender and age, one-way analysis of covariance (ANCOVA) were conducted as described below. To further explore significant correlations between cytokines and symptoms, hierarchical multiple regressions were carried out as also described below. After exclusion of two subjects with extreme values on FACIT and HAD depression, all variables entered in the regression models were normally distributed. Hierarchical multiple regressions were carried out both with and without the outliers, and results from both analyses are given in the results section. P-values below 0.05 were considered significant.
Results
Demographics
Overall demographics, including the most common somatic comorbidities, of the two groups are given in Table 1 . Mean disease duration in the patient group was 4.7 years. The groups did not differ significantly in age. The gender distribution, however, differed significantly between the two groups (Pearson's c 2 = 6.46, p,.01), with a higher proportion of men in the patient group. This observation thus mandates special attention to the gender variable as a potential confounder in subsequent group comparisons. Status as a de novo PD patient or the use of antidepressant medications had no significant impact on any of the measured cytokines (data not shown). Twenty-two PD patients reported dyskinesias at the time of the blood sampling. These patients did not differ significantly in any of the measured cytokines compared to the ones who did not report dyskinesias (N = 64) (Mann-Whitney U tests, all p-values.0.24).
Non-motor Symptoms in in Patients and Controls
Compared to controls, patients with PD displayed significantly higher mean scores on the HAD depression subscale (MannWhitney U = 1080.0, p,.001), the HAD anxiety subscale (MannWhitney U = 921.0, p,.01) as well as significantly lower scores on FACIT-fatigue (Mann-Whitney U = 451.5, p,.001), thus indicating more severe symptoms in the PD group. The SCOPA-sleep night scale did not differ significantly between the two groups (Student's t = 1.45, p..15, ns). In the entire sample there were no significant gender differences in mean scores on FACIT or the HAD subscales (Mann-Whitney U tests, all p-values .0.14), thus making gender unlikely as a confounder in these analyses. Women had, however, significantly higher mean scores on SCOPA-S compared to men (Mann-Whitney U = 1485.0, p = .04). Subsequent ANCOVA with SCOPA-S as the dependent variable and gender and diagnose as fixed factors did not reveal any significant effect of patient/control on SCOPA-S scores when the effect of gender was controlled for (p..05, ns).
CRP, IL-6, sIL-2R and TNF-a in Patients and Controls
Mean or median absolute values of CRP, IL-6, sIL-2R and TNF-a of patients and controls are given in Table 1 . We found that IL-6 was significantly higher in patients than in healthy controls (Mann-Whitney U = 1344.5, p = .02). In contrast, there were no significant differences in the levels of CRP, sIL-2R or TNF-a between the two groups. When exploring gender differences, mean scores of IL-6 and CRP did not differ significantly between males and females. There were, however, significant gender differences in levels of sIL-2R (Mann-Whitney U = 1499.0, p = .03) and TNF-a (Mann-Whitney U = 1466.0, p = .01) -thus making gender a potential confounder in these two comparisons. ANCOVAS were therefore carried out as described in the section ''dealing with potential confounders''.
As previously noted, some two thirds of the study participants had IL-6 levels below the detection limit of 2.8 ng/L. In order to ensure that this did not skew our results, we also performed a Chisquare test for independence with Yates Continuity Correction on the IL-6 scores divided into detectable (n = 41) or undetectable (n = 85). The result indicated a significant association between detectable IL-6 and PD status (Pearson's c 2 = 5.08, p,.01).
Correlations between Inflammatory Markers and Nonmotor Symptoms
In the patient group, absolute values of TNF-a correlated significantly with FACIT scores (Spearman's Rho = 20.19, p = .05), HAD depression scores (Spearman's Rho = 0.35, p = .001) as well as the HAD anxiety scores (Spearman's Rho = 0.21, p = .03). Further on, sIL-2R correlated significantly with FACIT scores (Spearman's Rho = 20.34, p = .001), HAD depression scores (Spearman's Rho = 0.38, p = .001) as well as the HAD anxiety scores (Spearman's Rho = 0.24, p = .01). High scores on HAD equals more severe symptoms of depression and anxiety while low scores of FACIT reflect more severe fatigue, hence all the significant correlations above shows that high levels of cytokines are associated with more severe symptomatology. There were no significant correlations between any of the non-motor symptoms scales and IL-6 or CRP. SCOPA-S scores did not correlate significantly with any inflammatory biomarker. In the control group, there were no significant correlations between cytokines and symptom scores. Dealing with Potential Confounders
Since there were significant gender differences in sIL-2R and TNF-a (as opposed to the other variables analyzed in the group wise comparisons), we conducted two separate ANCOVAS with the natural logarithms of sIL-2R and TNF-a as dependent variables respectively. Male/female and patient/control were entered as fixed factors and age as a covariate in each model. After adjusting for the effect of gender and age, there were no significant differences between the two groups in TNF-a (F (1, 122) = 2.07, p = .15, ns) or sIL-2R (F (1, 119) = 0.007, p = .93, ns) levels.
Since there was a trend for a greater proportion of individual with cardiovascular disease in the control group, we performed an additional analysis, excluding all patients and controls with cardiovascular disease and repeated the group comparisons (68 PD patients & 27 healthy controls). The difference in IL-6 levels remained significant (Mann-Whitney U = 705.5, p = 0.04) and in addition PD patients displayed significantly higher levels of TNF-alpha (Mann-Whitney U = 674.5, p = 0.04).
In order to control for potential confounders in the correlative analyses, we conducted three hierarchical regression models with FACIT (one outlier excluded) ( Table 2) , HAD depression (two outliers excluded) (Table 3) , and HAD anxiety scores (Table 4) entered as dependent variable in each respective model. Age, gender UPDRS motor score, and levodopa dose equivalents [23] for each patient were entered into the first block, and the natural logarithms of TNF-a and sIL-2R were additionally entered into the second block. After controlling for confounders, sIL-2R (but not TNF-a) significantly predicted FACIT scores (b = 20.31, p = .014), HAD depression scores (b = 0.36, p,.003), and HAD anxiety scores (b = 0.32, p,.008). UPDRS motor score significantly predicted FACIT scores (b = 20.23, p = .0046). Levodopa dose equivalents were not significantly associated with any of the non-motor symptoms, nor cytokine levels (Spearmans Rho, all pvalues ..12).
The procedures were repeated with the outliers included. The main results were similar, with the exception that TNF-a and UPDRS motor scores also became significant in the second model with HAD depression as dependent variable (b = 0.31, p,.005; b = 0.28, p,.009).
Discussion
Main Findings
We measured four different pro-inflammatory substances in blood samples of 86 PD patients and 40 controls, all assessed for symptoms of depression, anxiety, fatigue, and sleeping difficulties. Our most salient findings were that the PD patients had more severe non-motor symptoms and displayed significantly higher levels of IL-6 than the controls. Moreover, both sIL-2R and TNFa correlated significantly and positively with symptoms of depression, anxiety, and fatigue. In the subsequent hierarchical regression analyses, we confirmed that sIL-2R levels had a unique and significant contribution in explaining the variance of FACIT, HAD depression and anxiety scores, and this association remained significant even after controlling for the potentially confounding effects of age, gender, motor symptom severity, and antiparkinsonian medication.
PD Patients Display Higher Levels of IL-6 than Controls
PD patients had significantly higher mean levels of IL-6 than controls, and a significantly greater proportion of the PD patients displayed IL-6 above the detection limit compared to controls. These findings are replications of earlier studies showing that PD patients have increased IL-6 levels in serum [11, 24] and CSF [25] . Whether these elevations are specific for PD has not yet been determined. IL-6 is an important cytokine in the innate immune response, and has been found to be elevated in such diverse conditions as suicidal depression [26] and heart disease [27] . Also within the group of movement disorders, the specificity of IL-6 elevations has been questioned. In a study by Brodacki et al., patients with atypical PD (n = 7) displayed the highest elevations of IL-6, with mean vales significantly different from patients with idiopathic PD. We did not include patients with atypical PD in the present study, but this would be of interest in the future.
Symptoms of Depression and Anxiety are More Pronounced in PD Patients and Related to Signs of Inflammation
We report that PD patients display significantly more severe symptoms of depression and anxiety than healthy controls. This adds to the vast body of previous research suggesting that these kinds of symptoms are more common in patients with PD than in the general population [28] . Interestingly, we found associations between symptom severity and TNF-a and sIL-2R levels. Depression scores were in general more strongly associated with pro-inflammatory cytokines than were anxiety scores, as evident from the bivariate correlative analyses. In the subsequent regression analyses we showed that sIL-2R (and less robustly TNF-a) explained a unique and substantial part of the variance in depression scores, and that this relationship was statistically significant. Our findings are mainly in line with a study by Menza and colleagues in which a significant association between plasma TNF-a and depressive symptoms was found in a group of PD patients with ongoing depression [18] . SIL-2R was not, however, measured in this study.
To the best of our knowledge, this is the very first study to investigate associations between cytokines and symptoms of anxiety in PD patients. Even in non-PD samples, potential immune-related pathophysiological mechanisms behind symptoms of anxiety are less well characterized than for depressive symptoms. Recently, Hou & Baldwin addressed this issue in a review where they concluded that findings have been inconsistent across studies [29] . Hence, our finding that the level of anxious symptoms is associated with pro-inflammatory cytokines is the first of its kind, and future replications are warranted.
Fatigue in PD -a Specific Inflammatory Symptom?
To the best of our knowledge, this is the first time an association between fatigue and pro-inflammatory cytokines in PD patients has been investigated. We report a significant correlation between sIL-2R and severity of fatigue, even when the potentially confounding effects of age, gender, motor symptom severity and anti-parkinsonian medications were controlled for. Even though fatigue is a common and disabling symptom in PD it often goes undetected, has an unknown cause and specific therapies are lacking. Hagell and Brundin showed in 2009 that symptoms of anxiety and depression, rather than e.g. sleep quality or daytime sleepiness, could predict fatigue in PD patients [30] . The combination of symptoms such as fatigue, depressed mood, social withdrawal and pain in conjunction with infections is referred to as ''sickness behavior'', which is thought to be generated via proinflammatory cytokines acting on the brain [31] . Since elevated cytokine levels have been found also in presumed non-infectious diseases, such as PD and MDD, it may be suggested that cytokines play a role in generating the prominent ''sickness-behavior''-associated symptoms often seen in these disorders. Interestingly, a robustly designed study by Raison and colleagues showed that also milder forms of fatigue (as opposed to chronic fatigue) is associated with increased inflammation, even after adjusting for depressive status [32] . Our finding that degree of fatigue, as measured by FACIT, significantly correlated with sIL-2R, strengthens this hypothesis and adds to the ever-growing pile of reports suggesting that a chronically active immune response plays a key role in the pathophysiology of fatigue, irrespective of diagnosis.
The Role of sIL-2R in the Generation of Non-motor Symptoms in PD -a Novel Finding
The inflammatory biomarker most robustly associated with non-motor symptoms was sIL-2R. We did, however, not find any significant differences between patients and controls. We are aware of only one earlier study that has investigated sIL-2R in PD patients [33] . Non-motor symptoms were not investigated in this study, but in line with our results, no difference in sIL-2R between patients and controls was found. This soluble form of the IL-2 receptor is predominantly produced through enzymatic cleavage of the membrane-bound IL-2 receptor in T-cells [34] . IL-2 is one of the major cytokines, and has a key role in the activation of the adaptive immune response. When a T-helper cell is presented with its antigen on the MHC class II molecule of an antigen-presenting cell, the T-cell becomes activated and starts to multiply by producing both IL-2 and its membrane-bound receptor. Through this receptor, IL-2 acts as an autocrine and paracrine mitogenic factor, thereby driving the monoclonal expansion [35] . While it is theoretically possible that the correlation between fatigue and sIL-2R levels observed in our material results only from increased cleavage of membrane-bound IL-2 receptor in patients with more severe fatigue, the consensus seems to be that there is a strong correlation between sIL-2R and actual IL-2 levels [34] and thus putative T-cell activation [36] .
In our bivariate correlational analyses, sIL-2R consistently covaried to a higher degree with the outcome measures (nonmotor symptoms) than did TNF-a. In the regression models sIL-2R consistently contributed significantly to explaining the variance in the dependent variable while TNF-a did not. The only exception for this was the regression model with HAD depression scores as the dependent variable and two outliers included. In this model TNF-a also reached significance. It thus appears as much of the ability of TNF-a to predict the outcome scores stems from its shared variance with sIL-2R. One can only speculate why sIL-2R showed the strongest relationship with non-motor symptoms. Different physiological roles of the measured cytokines may be one explanation. Another may be that the values of CRP, IL-6 (and to a lesser extent TNF-a) tended to be below or close to the detection limit while sIL-2R levels displayed a larger spread.
Can Anti-inflammatory Drugs Treat Non-motor Symptoms in PD?
Our results support the notion that inflammatory mechanisms may contribute to the development of PD pathology in general and non-motor symptoms in specific. The potential usefulness of anti-inflammatory drugs in the prevention and treatment of PD has been explored in previous studies. Some epidemiologic reports have suggested that Non-Steroid-Anti-Inflammatory-Drugs (NSAID) confer protection against the development of PD [37] , and some experimental studies have suggested that NSAIDs can attenuate dopamine depletion in the striatum of rats [38, 39] . A recent Cochrane-review, however, did not find robust evidence for recommending NSAIDs as primary or secondary prevention of PD [40] . Depressive symptoms in PD patients can be difficult to treat with conventional antidepressants [41] . We are not aware of any previous studies where anti-inflammatory drugs have been used to treat non-motor symptoms of PD. However, there are preliminary clinical trials of MDD patients without PD indicating that NSAIDs as add-on to conventional antidepressants may have beneficial effects on depressive symptoms [42, 43] . Based on our results and data from these studies, it would be interesting to further explore whether anti-inflammatory drugs are effective in treating non-motor symptoms in PD patients.
No Association between Cytokines and Levodopainduced Dyskinesias
Results from some previous animal studies have suggested a link between neuroinflammation and levodopa-induced dyskinesias [44] . We did not, however, find any significant differences in cytokine blood levels between patients who suffered from dyskinesias and those who did not. One of the reasons for the negative findings might be that we had a relatively large number of samples below the detection limit. Since the putative connection between dyskinesias and neuroinflammation is highly interesting, we aim to explore this in future cerebrospinal fluid studies using high-sensitivity assays.
Conclusions
To summarize, our results show that PD patients display significantly higher levels of IL-6, but not CRP, sIL-2R or TNF-a, compared to healthy controls. PD patients also reported more pronounced fatigue, depression and anxiety, but not increased sleeping difficulties, on self-assessment scales. We found significant correlations between fatigue, depression and anxiety on one hand, and TNF-a and sIL-2R, but not CRP or IL-6, on the other hand. When further investigated with hierarchical regressions, sIL-2R but not TNF-a contributed significantly to explaining the variance in non-motor symptom scores. Our findings, together with some earlier studies, build a strong case that pro-inflammatory cytokines may play a role in generating non-motor symptoms in PD. Hopefully, this will eventually lead to the development of new treatment strategies based on anti-inflammatory mechanisms.
